Six strains of a rapidly growing scotochromogenic mycobacterium were isolated from pulmonary specimens of independent patients. Biochemical and cultural tests were not suitable for their identification. The mycolic acid pattern analysed by HPLC was different from that of any other mycobacterium. Genotypic characterization, targeting seven housekeeping genes, revealed the presence of microheterogeneity in all of them. Different species were more closely related to the test strains in various regions: the type strain of Mycobacterium moriokaense showed 99.0 % 16S rRNA gene sequence similarity, and 91.5-96.5 % similarity for the remaining six regions. The whole genome sequences of the proposed type strain and that of M. moriokaense presented an average nucleotide identity (ANI) of 82.9 %. Phylogenetic analysis produced poorly robust trees in most genes with the exception of rpoB and sodA where Mycobacterium flavescens and Mycobacterium novocastrense were the closest species. This phylogenetic relatedness was confirmed by the tree inferred from five concatenated genes, which was very robust. The polyphasic characterization of the test strains, supported by the ANI value, demonstrates that they belong to a previously unreported species, for which the name Mycobacterium celeriflavum sp. nov. is proposed. The type strain is AFPC-000207 T (5DSM 46765
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Abbreviation: ANI, average nucleotide identity.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains AFPC-000207 T , FI-09258 and FI-10161 are KJ607136, HM770867 and KJ586590, respectively; those for the hsp65 sequences are KJ586615, KJ586613 and KJ586614, respectively; and those for the rpoB sequences are KJ607137, HM807427 and KJ586585, respectively. The GenBank/EMBL/DDBJ accession numbers for the sodA sequences of strains AFPC-000207 T Non-tuberculous mycobacteria are typically environmental organisms that can cause opportunistic infections in humans and animals (Tortoli, 2003) . Among them, the rapidly growing species have been long considered nonpathogenic but, in recent years, they have been frequently reported to be responsible for disease, in particular of cutis and soft tissues and of bone and joints, and also of the lung (Tortoli, 2009) . Six strains of mycobacteria characterized by yellow, scotochromogenic pigmentation were isolated from respiratory specimens of the same number of independent patients. Their characterization, conducted using a polyphasic approach including biochemical and cultural tests, mycolic acid analysis, multi-locus sequence investigation and whole genome sequencing, led us to infer that the strains belong to a hitherto unrecognized species of the genus Mycobacterium.
Two strains, AFPC-000207 T and AFPC-00088, were isolated from independent patients, 1 year apart, in the same city (Ahvaz) of Iran. Strains E498 (Cavuşoglu & Tortoli, 2006) and 13DK204 were isolated, over 12 years, from patients living in geographically distant cities in Turkey. Two further strains (FI-09258 and FI-10161) were isolated from unrelated Italian patients. Microbiological features of the strains and clinical/epidemiological information of the patients are reported in Table 1 .
Major biochemical tests recommended for the identification of mycobacteria were performed as described by Kent & Kubica (1985) ; they included niacin accumulation, nitrate reduction, Tween 80 hydrolysis (10 days), urease, bglucosidase, tellurite reduction and catalase. The six strains showed negative results for the majority of the tests performed. Only thermostable catalase, nitrate reduction and tellurite reduction were uniformly positive ( Table 2 ). The strains grew rough, yellow, scotochromogenic colonies on Löwenstein-Jensen medium after 5-7 days at 37 u C.
Growth was slower at 30 u C and was absent at 42 u C. No colonies developed on MacConkey agar without crystal violet or on media supplemented with p-nitrobenzoate (500 mg ml 21 ), hydroxylamine (500 mg ml 21 ) or isoniazid (1 mg ml
21
). All the strains grew in the presence of thiacetazone (10 mg ml 21 ).
For HPLC of cell-wall mycolic acids, colonies were grown for 7 days at 37 u C on Middlebrook 7H11 agar and the mycolic acids were saponified with KOH (25 % in H 2 O), extracted with chloroform, derivatized according to the manufacturer's instructions (MIDI) and loaded onto an Agilent ChemStation HPLC (Agilent Technologies). Mycolic acids were separated with a gradient of methanol and 2-propanol (starting ratio 75 : 25 %, end ratio 95 : 5 %) and analysed using the software Sherlock, version Myco 1.0, and the database MICAG1 1.02. The system identified the strains as representing Mycobacterium flavescens (chromatotype 2) with a low similarity index (,40 %). The profile was characterized by a continuous series of peaks eluting between 2.7 and 8.7 min, with the most prominent clustering before 4 min and around 8 min ( Fig. 1) . No similar Antibiotic MICs were determined, according to CLSI recommendations (CLSI, 2011), using a commercially available microdilution method (RAPMYCOI; Sensititer) including drugs with potential activity against rapidly growing nontuberculous mycobacteria. The strains presented a quite uniform pattern characterized by susceptibility to amikacin, clarithromycin, linezolid, quinolones and doxycycline and resistance to cefoxitin. The only exception was represented by trimethoprim/sulfamethoxazole, to which the two Iranian strains were highly resistant and the others extremely susceptible (Table 3) .
Double-strand DNA sequences from the four strains included in the study were determined using BigDye Terminator chemistry on an AB3730 DNA sequencer (Applied Biosystems) following the standard protocol of the supplier. The regions investigated included the genes encoding 16S rRNA (Kirschner et al., 1993) , 65 kDa heatshock protein (hsp65) (McNabb et al., 2004) , molecular chaperone DnaK (dnaK) (Dai et al., 2011) , DNA gyrase bsubunit (gyrB) (Gomila et al., 2007) , superoxide dismutase (sodA) (Zolg & Philippi-Schulz, 1994) , RNA polymerase b-subunit (rpoB) (Adékambi et al., 2003) and RNA polymerase b9 subunit (rpoBC). The two Iranian strains had identical sequences in all these regions, the Turkish strains differed slightly from each other in two regions, while the Italian strains presented minor differences in six of the seven genetic targets (Table S1 , available in the online Supplementary Material). All the strains clearly differed from any known species of the genus Mycobacterium and displayed, in various genes, closest similarity to different rapidly growing species (Table S2 ).
The whole genomes of the proposed type strain and of Mycobacterium moriokaense ATCC 53059 T , the species most closely related based on 16S rRNA gene sequence similarity, were sequenced. Paired-end libraries of read length 150 bp were prepared using a Nextera XT DNA Sample Preparation kit and Nextera XT Index kit (Illumina) according to the manufacturer's protocol. Libraries were then normalized to 2 nM, pooled for multiplexing in equal volumes and sequenced at 10 pM on an Illumina MiSeq platform with 300 nt paired end reads to achieve a coverage .1006 per base. Read tags were processed with Trimmomatic (Bolger et al., 2014) and then assembled with Velvet software (Zerbino & Birney, 2008) . The resulting contigs were used to calculate average nucleotide identity (ANI), using the software available at http://enve-omics.ce.gatech.edu/ani/ (Konstantinidis & Tiedje, 2005) . The resulting ANI was lower than 83 % (Fig. S1) , clearly below the accepted cut-off of 95-96 % (Kim et al., 2014) . PCR restriction analysis patterns (Telenti et al., 1993) were deduced on the basis of restriction sites present in the Table 4 .
For phylogenetic analysis, sequences of the type strains of closely related species were retrieved from the GenBank database, aligned using CLUSTAL W software (Thompson et al., 1994) and trimmed to start and finish at the same position. Phylogenetic analysis was conducted for each investigated genetic region and Mycobacterium tuberculosis ATCC 27294 T was used as an outgroup. The neighbourjoining method (Saitou & Nei, 1987) , supported by the MEGA 6 software (Tamura et al., 2013) , was used for the reconstruction of phylogenetic trees; 1000 bootstrap replications were implemented. The phylogenetic tree reconstructed using 16S rRNA gene sequences (Fig. 2) was characterized by very low robustness (almost 80 % of the nodes had bootstrap percentages below 75 %), which was particularly subtle for the branch including the test strains and Mycobacterium brumae ATCC 51384
T . The trees inferred from hsp65, gyrB and dnaK gene sequences showed similarly low robustness (Figs S2 and S3) , in which the test strains clustered with different species of the genus Mycobacterium. Robust trees were obtained using the rpoB Table 4 . PCR restriction analysis patterns of the test strains compared with the most closely related species Species: 1, M. celeriflavum sp. nov.; 2, M. flavescens; 3, M. moriokaense; 4, M. agri; 5, M. rutilum; 6, M. novocastrense. Only fragments greater than 50 bp were taken into account. The fragment in parentheses is present in only one of the sequevars of the species. and sodA gene sequences ( Figs S2 and S3) ; in both cases, the closest species were M. flavescens and Mycobacterium novocastrense. A phylogenetic tree was not reconstructed for the ropBC gene because of the very limited number of species of the genus Mycobacterium for which such sequences are available. Phylogenetic trees based on concatenated sequences of various housekeeping genes are known to be characterized by high robustness (Devulder et al., 2005; Mignard & Flandrois, 2008; Stackebrandt et al., 2002) . Sequences of the most closely related mycobacteria were available in the GenBank database for 16S rRNA, hsp65, rpoB and sodA genes; their concatenation produced strings 2947 bp long, from which a phylogenetic tree was reconstructed (Fig. 3) . The bootstrap values were, in this case, very high and confirmed the relatedness with M. flavescens and M. novocastrense.
Based on the data presented, the six strains of mycobacteria described here are considered to represent a novel species of the genus Mycobacterium, for which the name Mycobacterium celeriflavum sp. nov. is proposed.
Description of Mycobacterium celeriflavum sp. nov.
Mycobacterium celeriflavum (ce.le.ri.fla9vum. L. adj. celer rapid; L. neut. adj. flavum yellow; N.L. neut. adj. celeriflavum referring to rapid growth and yellow pigmentation features of the species).
Cells are Gram-stain-positive, non-motile, non-sporeforming, acid-alcohol-fast bacilli. Yellow colonies develop at 25-37 u C both in the light and in the dark. Biochemical tests are not suitable to differentiate the novel species from other rapidly growing scotochromogenic species. Negative for niacin accumulation, Tween 80 hydrolysis and bglucosidase, but positive for nitrate reduction, tellurite reduction and thermostable catalase. The HPLC profile of mycolic acids is characterized by an uninterrupted sequence of peaks with the major ones emerging early (elution minutes 2-4) and very late (around minute 8). Susceptible in vitro to amikacin, clarithromycin, doxycycline, linezolid and quinolons. Has unique 16S rRNA gene, hsp65, rpoB, gyrB, dnaK and sodA sequences that are clearly different from any other mycobacterial species, with M. flavescens being the most closely related to the majority of strains of the species.
The type strain is AFPC-000207 T (5DSM 46765 T 5JCM 18439 T ), which was isolated from a human pulmonary specimen in Iran. Strains AFPC-00088, E498, 13DK204, FI-09258 and FI-10161 are additional strains of the species.
Mycobacterium celeriflavum FI-10161
Mycobacterium celeriflavum 13DK204 Fig. 3 . Phylogenetic tree based on concatenated sequences of 16S rRNA, hsp65, rpoB and sodA genes, constructed using the neighbour-joining method bootstrapped 1000 times. Bootstrap values .50 % are given at nodes. Bar, 0.01 substitutions per nucleotide position.
